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A Antimony ygauil 
(0 PS DE tn Barium “Barite” "aol" cul 
Beryllium s91 rl 
A Cobalt cJLoSil 
ER ———EaEaEaEaEaEZEZEZEZEZEZE Fluorinejolo 
ne Gallium 59e 
A Germanium and Indium 2g5Ulo ag5loyil 
EE _ Graphite cuol al 
D Lithium soil 


a Manganese juüviall 


PS ER Niobium and Tantalum h9Jliïllo aguquill 
Platinum-Group Elements &iÿWUl dcga=all plc 


SE Rare-Earth Elements ëjll &syUl joel 


6 Titanium 295 


Vanadium 297 bla)l 


A Zirconium and Hafnium hquiolglla 29159$)jl 
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*äosäall 
le Çà Jai il 6,alill Galsall Ge 23 wañlais (ollell ali Laye (Lait ésaull pñs 
Aug dise cilelañiul là 29 l5glaï JiSNI dan gloiSill cileliall Ssaaioll AGLAILS äsgus 
Lgia ciligjse Ç,Le daûlaï äsauiliul glué Joall Ge asasll (çà ââiine Galeoll oïa Gas Of Cia 
Sanioll LYgll les LOS Zulius pue cilelis Çà lgloial lilas Lgaliil HUSS Ge 85125 Yo 

Fegali pull Carol amuills 


ALYol à all Aiasoll syl90ll" :Gloies AS pol Gaoloall eanoll Lise Lei péri daulja uns 
ele Gnall Qi ealioll Si añs 3" bätoll sli0Y) Gil axiullo &slai5Y) La glgnall - Sasioll 
185 ç,Le a1j3 Los aise Gel 40 Ga 3iSY qllall (à ealioll ali! Ga yisi of 20 aiuui Le 2014 
gailepall Ge 2739 Goal Ga 769 Guñitll Ge 2829 (REES) "6 jalill us NI poliall" Ga 
Qle Qollell allait sha le jgnaall 3e QLe . jun jolàll je 2599 uëljall Ga /669 G1j1l Ga 7689 
gré 0 lyon (il ileñoill suis Lasloieillo eliall jolaillo (Lila al jil Jrûs dxiasoll glull 
ua ja lâa ç,Le lab foMlei j9Sioll Sel a oloall @uroll dise ji ponûs Lino Goill 
galoll oyôll Mlinilei Qà vignoQll Gilé, delle (à Aa ils Diage raie 12 Gi CII suis 
Ji 2006 pale Jolss lnaic 60 (11 Lasac Jing oi Ga ji Ce añc ass Paie 16 LH Lasac j9laïul 
loc el le els call LoiuY Joall (al Galall j13Si9 Gaaxill cl jai joli Ç,eliall paäill 
jai élioill Galeoll Aa lil Leïljaë ua ce allall à Jos AM oi cui sil Lalis jai âaias 

soLiai Joaall à sels Los éiaull la leloiss Liase 23 Jiôi Ga 13 1 &atioll Joall Guall 


s9il> gai JoiSll &doïllo cluljal sy jS all 5 sl 54e] 

pol oiolgll cuoll guilagil g1lall yolall «Jb9Sil 91 rl 2 Ul ygaa ll Le coul lie (5 dlgaxtall 23 JI 8,5 sleall * 

pl outil small 20 olill 9lliil ganluull «oquis pl 6 j5ll à I polioll «ll écgazo polie cpgyguill isiall souiulll 

Rguui lé) 

? patrickstinnett@edelman.com. (2022, January 31). Beryllium: America's “Miracle” Metal - Minerals make life. Minerals 
Make Life. https://mineralsmakelife.org/blog/beryllium-americas-miracle-metal/ 

3 Schulz, KJ., DeYoung, JH, Jr, Seal, RR, II, and Bradley, DC, eds. 2017, Critical mineral resources of the United States— 

Economic and environmental geology and prospects for future supply: U.S. Geological Survey Professional Paper 1802, 797 

p. http://doi.org/10.3133/pp1802. 
"hf" pub êsle Leu] jus (ous) 71 QI (pgitiiUl) 57 ce yill lasse 2glù paie 15 0 J8S5 ëpolil olall go paie La ‘ 
di jamall 5 
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Alloll sgiuo ec Jgÿl fil quatiall Qui pig ul älgeitall äylill yaleall :1 a) Jg33 


6 alloll né Jgÿl &iill guaiiall euiyi 
ee = : ÿyaeall aul 

Eli aïiall gulill aïiall UgV aïiall 
Jliuaslh Luug) gunil Antimony JgauiiŸl 1 
uyéall aiall dual Barite (Barium) cuyLull 2 
dal ul gui äaiall GLYgil Beryllium agua uil 3 
Luug) luuigail géigSil Cobalt ulUugail 4 
Là] ugis <luuSail dual Fluorine JgLà 5 
Lil Soi Luug) gunill Gallium \agulléll 6 
äsiall üLYgll Luug) ul Germanium aguila all 7 
JULuUI äuginil Lygs Juil Indium agsaiyl 8 
Jäillé a djlul gunill Graphite cul jell 9 
guaill eiluiri Lu jüwui Lithium aguïiulil 10 
Lui ji Uguloll Läupôl ugis Manganese juiléiall 11 
géigSil lis dj Niobium aguguill 12 
lailg) dj géigSil Tantalum aglliüïll 13 
Sgilio) Luug) Lôs jôl ugis Platinum-Group Elements juil âcgasao yalic | 14 
Lu ji ôaaiall üLYgll Juil Rare-Earth Elements ä)3lil ä)Vl pnlioll 15 
lnilgs äaiall GYgil eur Rhenium aguiyll 16 
Luug) Jul Ua Selenium agiuluull 17 
JULuI Luug) Juil Tellurium ag1)gliüll 18 
Laygu luuigail duill Tin yanüll 19 
Lëyjôl ugin äuajgall dual Titanium agailixill 20 
Lëyjôl ugin Luug) üuall Vanadium agu3lilall 21 
Juill Lë pôl ugia Li yiuul Zirconium agzigS)jll 22 
Luug) äaiall GLYgil Lui à Hafnium agziälall 23 


Will las Jai ua igaill &blia Le nd soëll y calelpall Bj20 ei (GUI usleall oägl daiio Jos 3 jui ue dägo ë$6 hey ollci 
plaall ga laule Jordi Ai 20239 2020 algcÎl y clins] JIl atnul Joadl 6 civil ddl dsgloiSil leliall (5 Léna [li laio 
JU do SI 


www.statista.com ; https://www.usgs.gov ; www.investingnews.com 
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ao ôlykall Lee joï Alau à le las HI (sgAll let jual ljâneg LS3s0 8 palil Galmall prie 
palisll" (5 Lgïljsls (as uilei Losie 2010 jee Gnall iles Les La jy auñi (Le 6 pis ali 
lan! da gloieul cilelialle Ssaaioll 4 ll el (à âcliall à jo all (REES) "à jaLill äu2 JS! 
jalaall (a asagll qui SAS älins jan (50 Lïlalaal Gsalil Joall ca asagll ôlgis esisuii Lan 
&u2)N! Oalsoll ägileol &ojHUI La gli jan (le js Vas gai cnall oi Qi à all 
Jos anti ELS À jnail élubuut daim! 8 Lai 8 1j La Lesyai pli ale| JL (se 8 jalill 
ois) Gallo (Ja 5lyull) jagmigaillo (9219811) lg ie 8 jalill Galeall (5e sal Slalaals (6 yâi 
asollell Glosdl (,5 wa pal ç;le jrilill 8 40 Lgulass Lo (Luis à) 

Goal Gus gaill lie Le (éluull Jatai aie lice WI (Gus Leaf ins 598 48 j9 8 palill Galæoll 429 
LOGE Y 6 las (Le Sasioll MLYollo cuall Gus dla dauèlioll Lgiog auoall “let; ç5 y 
as Sa Gi aile agii «éluull lie (8 allall ellail (Le ilaelaï ce ELA Leg (allæll 
pisi ill Aiall Gilé HI el msooll lui tels (48 jonñtaut aga Case 929 poullèll Jals 
lg4 Ga wa pà ele aëo Saatoll AY gli à LORS JS NI Au nella at ass Jai à jou 
- GG (gl - lgie älglae (,à leule Ga9lgiSi jan a pàl Glaiéilg (us ans jooulléll jsui (le 
ina! 89 ll igûs 69 . solo Golaïll Julie aie ADS Slgoll (Le Roi Aile cos ySiI 
JS jogulLell 3 395 ébaubes (à à à all all Lai" Of (pe jsaaill QU Gus po Gaiaisoll as 
PLgilälsg Sasioll AL 9IL cafalill sais Yo agäll Gal lues Lai 


Qà «6)alill Galeoll glüil Ge ÿige sja Çle Guall tiouag ollell ALI etai cileñgïll gag 
Go laill ist Mgs QOlAN à oil Janus gagii QI Gaull Joall Ge asasll Jaslgis Jatoll 
OÙ Gas Vo Éâg callois SUS (Gañni Of juè Les 6 jolaïoll lgïleli 16,9 lgilaliial Glañèl &isbuull 


7Adams, R. (2023). High Voltage: In 2010, China’s ‘weaponization’ of rare earths sent prices into low orbit. Could it happen…. 
. Stock head. https://rb.gy/gjqfg 
$ Kc, M. L. (2023, April 14). China to impose export restrictions on rare earth metals technology & OECD publishes policy 
paper on raw materials - EU Sanctions. EU Sanctions. https://rb.gy/qta6f 
?McGroarty, D. & Wirtz, S. (2012). Reviewing risk—Critical metals and national security: American Resources Policy Network 
Report. June, 6, 34. 
* Powers-Riggs, M. P. F. B. H. A. (n.d.). Mineral Monopoly: China's Control over Gallium Is a National Security Threat. 
https://features.csis.org/hiddenreach/china-critical-mineral-gallium/ 

anal 8lll yslaoll Zi 9 Wüls Eli HSÏ dos Jet Üoilé 9)9Ul BU ani 2023 pi / lui DS 


https://www.stimson.org/2023/why-chinas-export-controls-on-germanium-and-gallium-may-not-be-effective/ 
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Lg elai JL llailo 3 yall farol am DA uollell jeusŸ soins és Lalaino ul Gus (Sâa 
Lgalgïl Jiolguu (GA till DaogloiSi Leilgisl Pose poli Gil Cas Gus ilelgiàl Jalii 
"Gal olSS I + dsquus La dau lang is IL 


JaÏl Gaasillo glyAiu lg Quñitil cililoc Lealai Qi atull Gt ÉSI QU 8 LE NI agall Ga li 
Aäg 9j suis tal Ali yl paulre agadig aaalye Qi nai Léiag allall Jos Ge asarlls aûs (Al 
-@aliall Ce asaall (6 Joli 


el äatioll Joallo Lgilolasiul j yslo éiaulls loool 23 I Galeoll Gaia Gaye hi Le à 


Antimony ÿgauiiVl 
gas aiyaall seliall leon oll (à gulo (Gta (Le ppañiui Loge Aiiase alu Goal 
qrû Los âcliall Ylse Ge asasll çà âanituoll ééluull QI JSEU âaoläas das 5où 

Munoall job ji 6345 cils las SLS 

Sjesi vas eliil 4,5 JAaso Uül all &elis (9 &aMaull clare (à (4 yall daitos pass à 
LS pol (6 33 lola an Y (Jan .La paèg sl poal ai AR NI lalS (Je lo gail oLuéil 
Ggau ps il cl ylaull âelie juiei LS Ball) ll Aililaall &elis Goal 
MOgoiil (lei plais tull 

clalael Ge äioll à 80 (los 2013 le ç,à ciatil us Ogaiil elüil Le Guall Goigi > 
8äloll oi Ga allall (à &añholl a all Ge HS jai Elie ag Doi Ge allall 
LS yo OliuSiallog Li sôl miging Luug)9 EluuSollo laiSg Lèslos (8 Lai GooiiNl as 94 
ani oh las à oatiNl Hlgiul alèiil ges 2006 çele çà Saaïoll AL Ygll (à 
bloc gli aûa Los -allall (à 6aloll oigl Joÿl éllgiuoll jasjoll Laslaïël Jay cnall 


* Seal, RR, Il, Schulz, KJ., and DeYoung, JH, Jr, with contributions from David M. Sutphin, Lawrence J. Drew, James F. Carlin, 
Jr., and Byron R. Berger, 2017, Antimony, chap. C ofSchulz, KJ. DeYoung, JH, Jr. Seal, RR, IL and Bradley, D.C, eds., Critical 
mineral resources of the United States—Economic and environmental geology and prospects for future supply: US. 
Geological Survey Professional Paper 1802, p. C1- C17, https://doi.org/10.3133/pp1802C. 

3 Antimony - Element information, properties and uses | Periodic Table. (n.d.). https://shorturl.at/iuyEZ 

# Antimony Market Size, Share and Trends forecast to 2023 by Product Type, Application, End-Use Industry and Region | 
COVID-19 Impact Analysis | MarketsandMarketsTM. (n.d.). 
https://www.marketsandmarkets.com/Market-Reports/antimony-market-105828834.html 
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aujgil ämiai juge Ge Gall ui OÙ Qi Gisoll AIgiuNl 8alijo Goal Guaxi 
OgaiiMl are eliil gals5 Gil Ai Los GliuSisllo lis (50 Lois Ÿ 3S jollo lil Gest 
-Polalul li (çà onmusig j7gaall 

Lois Gall Ga asile JS Goal se lgilalaal asia Ab Y ol ss soul «2072 le Là X 
Ga 715 touall Ge äioll à 67 :ILULS 20119 2008 polgci Gus lpsilauYl cui ce gi 
166 AT Jos ca 279 lialos (50 24 His (50 #7 séluuSoll 

Gill éxtuull sliol lbig äxlsoll lgilalisl Aulil 2011 jole GoariiNl pme Guoll ons } 
384 © Gas Les soil lalaoÿl à Lai uSsil Le Guanillo el Sin Yl Aloe Leila 
Galall caiuaillg couâiill (Çé blu) 8523 dan yblio Qi opel usyaïll 
BG I ls psg 


&S pol naglguil guall âte Quuss 2013 ale nû UgaiŸl aublisig palloll eliyl Gil yaûi :2 5) Jg3 


SJio ÿh / ülblis y SJio dh / aliyl all 
460,000 120,000 all 
Jégio jé 9,000 Loyg 
350,000 8,700 Luugy 
310,000 5,081 Läulgs 

50,000 4,675 ÿliuSslh 
Jägla jë 4,600 LSji 
Jégio jé 3,275 Lil jüui 

27,000 2,400 Läyyôl ugis 
Jâgla jé 1,200 Jliu ju jà 
Jégia jé 294 “luuSall 
Jégio jé 76 lais 

150,000 Jâgio jé SJÜI glalul 
1,300,000 159,000 gualloll yuLas VI 


SAntimony - Element information, properties and uses | Periodic Table. (n.d.-b). https://shorturl.at/iuyEZ 

S U.S. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/gorSo 

TQi, Y., Wei, X., Zhao, M, Pan, W, Jiang, C, Wu, J, & Li, W. C. (2022). Heavy metal pollution characteristics and potential 
ecological risk assessment of soils around three typical antimony mining areas and watersheds in China. Frontiers in 
Environmental Science, 10. https://doi.org/10.3389/fenvs.2022.913293 


8 https://finance.yahoo.com/news/global-antimony-market-report-2023-233000877.html 
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eslis el! Ge 255 &s pol Caoloiall aol Atie cuuss conall gli} JR «2022 çole à } 
«si cle 60,000 Guall : IEULS Gal 6 Jo ollall el 6595 allell Jos Goal 
(sie cle 17,000 Oliuilils «5 ie Gb 20,000 Lung, 


pauan pSf ii lgless Lon Goal Ge ÿY9s Gaule 117 Gui Gnall en ya «2021 le Là 

Ogale 23.3) GUlull :inall Goal cou jgtatoll ÿ af uni 55 CL Le (à allall (,5 Goal 

15.7) äuoiall L39S0 (5Yos Goule 18.2) lailgao (5Y94 Gaule 22.1) Sasioll bYgllo (5 Yos 
20094 Ogale 7.47) &isli9 (Yo Hgala 


Barium Barite "agujl" Cul 
Gr ) 09Sa ai jlellg daill clio &igis Sale (BaSO4 og Lui lis is) Hull pie 
jlllo daaill Ji jâs çà ppaâiuoll Gulli 


5 Gilitiul JS luulio aless Lo (,iloiSil Jaillo aigu lllo axial! ASÈSIL Es jh joins D 

“ul Alilaall &elis (à âôlne 840$ past ail LS éhelsuulls als ji äelis 

gairaill Aug) 8e Lasi puis (5 Ai cilatiieg 1Yoûll cililaog paul cl él JeLéäg dllaollo 
Gamma’? aile X-ray Ati) AN (se dulonllo ç,ilto4 


ei 2011 le Çà9 lalôui 4,6 ealioll Ge Guilul JS cu jlul ai Gasioll HLYall Là > 
ounall Ga cu jlll Ge GS al Qinoll Ggaull Es jlo ce dialls 78 gai al paul 


9 U.S. Geological Survey, Mineral Commodity Summaries, January 2023. 

https://shorturl.at/eBOo4 

# Antimony in China | OEC. (n.d.). OEC - the Observatory of Economic Complexity. 
https://oec.world/en/profile/bilateral-product/antimony/reporter/chn 

* Johnson, CA, Piatak, N.M, and Miller, MM, 2017, Barite (Barium), chap. D ofSchulz, KJ, DeYoung, JH, Jr, Seal, RR, Il, 
and Bradley, DC. eds., Critical mineral resources of the United States —Economic and environmental geology and prospects 
for future supply: U.S. Geological Survey Professional Paper 1802, p. D1- D18, 

http://dx.doi.org/10.3133/pp1802D. 

? Hanusa, T. P. (1998, July 20). Barium | Uses, Compounds, & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/barium 

# King, H. M. (n.d.). Barite Mineral | Uses and Properties. 

https://geology.com/minerals/barite.shtml 
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QLe Gataise GoSlgiuoll noi ELA el als eLài j AR dus Lu aliil loc daloï } 
ele QG Gall el! Ga âtoll ç,5 65 Listii Guilll aigllo Guall ce alSUI pnèñie cs jui 
änloll Silgiaull JL lous Lai) jeu} agé 459 2011 

EluuSollg Lo GS ilS Jée Gal Qi cu lui QU psolaïllo SLHSLAY Jloci aus > 
+59-LLo j9 

dus Doi (sie lo Ogale 7.97 953 20129 2007 loc Gus Gollaell el diugie ls > 
il all Saaioll GYollo AL myollo amilill aigllo lol äxijoll cuall cilial 
Goal) &alioll bo Of QU purs Lys GI dus juil (50 date) à lol Glérs l psaätil 
4fs 5 jus 


Gjia ÿh gli &hSllg all eus 20119 2007 algci du soil cul aliil augia :1 aëy ilull au 
äyS poil agiquall auall âiye äg 


16: 4ylalul dus 


100 téluuSal| 
IVE ylnusljlé 
FVF «Sy 
BV olul 
ET yuoll 


OVE taxi) coll / 
el Giles! Ga 144 Clos) Gollell us Jul Go Ge dioige onall “us 42023 çle Là } 
Olaïioll La ëastioll àSLoollo Liloli us 1108 Sastoll li Yollg es yRollg aigll Lyali (alla 


1F- Oyoall 


IQ saigl 


# https://finance.yahoo.com/news/global-antimony-market-report-2023-233000877.html 
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Qô cu plll (5359 Si LogigS (à aigllo Guall oui Gi gégioll Ga -Olaaui yli Glu)odl 
25 
25 ellall 


133 9=5 (ul) Qaulall 94 ll lus Go Gnall Mljsls €gose hs «2022 le à à 
3Xga gala 41) as p10N aatoll Yo: LILULS pm iles 9 aa cils Losë ÿY9s Ggale 
8.32) äugiall Li39S 718.4 tuis (LS sial ÿYgs Goule 24) lailgaæ 4/31 dis (US sta 
Luigi! 46.07 tuuis (LS pal JYga Goule 8.08) Lulu 448.32 ais (LS jaai Vos Goula 
2615.38 ätuis (LS jaai JY9a Goale 7.17) 


Beryllium agul ul 
GA âcolie 4egane (à pañius -ogtiol Ni AtiliorCI dnilns qui âiase As pgulinll > 
gr algll âseliall claïioll Ge agaall à aie LiRiuYl Go Y éuas fsaall cilotiall 
#gogil Jlaoll 469 HYLAÏY 9 Lilallo elallo siguoSllo Glylall Bts e 


Qô pairs dus danil nu Yl pull leo Qà lai ile poli oise sus 
gai! olaiYlo lisa ol (çà Aülsollo pgmaillo (paul célagiuNl AOlAiŸ auléi &elis 
Lai jogulsull (oase pris ball Aolé àg4 ga dabulo (,30 16 elés &olailo äloaloll j1ë 
el&lNl) adulill Mlgsall Ge AHSI Goniiuoll (a älgonoll lasoll Ge ais Y ja 
Bla 1019 dCi CI} 


dilos oulse Jui Ce doulag Arai paul Se ail ç,Le lil (Ile çogals pull are câsai ei à 
ail 5 pull Los Griare 4989 (59 p2ll Ga us po! elôall 6 1591 aulill âsaail tu Yi Slooll 
au) éiolpuug Aluullg Bill Gile pgslyul Gare Go ÿélue alao] Gloal Jasullo 
GA ädoll Çà 90 Ge JSY ÇGiasoll puaoll ga Euailsinll Gi Ge wèsll Le poli ll 


# Barite: 2023 World Market Review and Forecast to 2032. (n.d.). 

https://mcgroup.co.uk/researches/barite 

# TrendEconomy.com (2022), 

https://shorturl.at/fgSTY 

7 Hanusa, T. P. (2023, July 28). Beryllium | Properties, Uses, & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/beryllium 

# Foley, NK, Jaskula, B.W., Piatak, N.M, and Schulte, REF, 2017, Beryllium, chap. E ofSchulz, KJ., DeYoung, JH. Jr. Seal, RR, 
II, and Bradley, DC, eds. Critical mineral resources of the United States —Economic and environmental geology and 


prospects for future supply: U.S. Geological Survey Professional Paper 1802, p. E1- E32, http://dx.doi.org/ 10.3133/pp1802E. 
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DU Lil ile pouls pull Gare Qi (op Qeliall Jayull Glé balle gïioll pgals pull 
aaaail pin) cläuail as 


Grill Jin Jul ei US Lealil Ge ali Y LeiSi pogul nll Loge Lio cnall suis > 
Dis Jos MAS Ga ënalg Ça ëastoll HLYoll .JLeillg Gu0j90g sine (blsul ce 
Ge longaai tai (Qi à ylgall 345 és çallall ii, 4939 jogala pull Lolà äpilees LiLS jogë5 
qyû lgis äioll à 65 (ils pégis (syie Ge ali 80 Ge sisi çallall eLaïf gros (à jogals pull 

30 (ia) 55 ul) Sastoll Y gl 


eägo Qu (âyiall JibŸU) 2022 vu 2011 ÿa allall sil 24a3 qi aguull ali] :2 aûy yülull au ll 
31Guy5liu 
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Gill Gnall lguli Lyie EL 170 gülos allell QLiYI Sasioll LV ol cs yasai «2021 pole Là 
Fu jie Oliloi 3 Lealiil 4 és AUS Ja jlyull cilag Bye Lil 70 ciatil 


# Barite: 2023 World Market Review and Forecast to 2032. (n.d.-b). 
https://mcgroup.co.uk/researches/barite 
doi Jamal 3° 
# Statista. (2023, March 2). Global beryllium production 2011-2022. 
https://shorturl.at/JOW8 
# U.S. Geological Survey, Mineral Commodity Summaries, January 2022. 


https://shorturl.at/rBJUX 
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Lo y Leïli (5 Y94 gala 9.02) oälgao 109241 juil (63 39iaue ST 8 joëleiu cils 2021 ele G > 
4(5Y93 Goale 2.71) Lui ,ôg (5Y9a Goule 4.09) Lilallo (j'Yos (5911 6.26) 


Cobalt ülugSil 
Lgis nc Gañlas ado (éalo, (I né aigl Ain glgiSill AiAlil Ga age Case LI à 
gi llo (6) 5nil Juagille çs pâl alse ge alalà aie JT éagläog &)lallg Anuylolisoll 
Gé pri dus anal Hleliall Ga sguell Çà Jia äulle jlguail älañig wañsioll 
La pré g AGLaUI nl LUI LS 3e âelis (ào Gall le Y ALLAII cils Juil laoôls àclis 
Satan ileliall (se 


ouallilss 2011 le 4,8 (5 ji Cola li 75 los eulligSil (se (soil alle Agde 
LOU ALgino Jos M5 Si Sastoll Yollg Glilullo 


le lg glRiuY Qutsé il pisnoll 2011 pole (à aloljñonall o%19C &ijggas Euils } 
(alla elyl Ge doll à 55) ellall soie 


Lisé 9 cutàllo lis LUI sing Lung 9 Lion! allall (à l9SU (5 4 âagall salaollGe } 
385 sal 


3 Beryllium; waste and scrap - United States - Report - Index Box Platform. (n.d.). 
https://app.indexbox.io/report/811213/840/?_gl-1 s8ofin"_ga MTYyNjIzZNzUxOC4xNjkyMTEONTc4"_ga_6KCVGEDSJE MTY 
SMjExNDU30OC4xLjEuMTYSMjExNDgoOC4wLjAuMA.. 

#% Beryllium, articles thereof, nes | OEC. (n.d.). OEC - the Observatory of Economic Complexity. 
https://oec.world/en/profile/hs/beryllium-articles-thereof-nes 

# The Editors of Encyclopedia Britannica. (2023, August 14). Cobalt | Uses, Properties, & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/cobalt-chemical-element 

3% Slack, J.F. Kimball, BE, and Shedd, KB, 2017, Cobalt, chap. F ofSchulz, K], DeYoung, JH, Jr, Seal, RR, II, and Bradley, 
D.C, eds. Critical mineral resources of the United States—Economic and environmental geology and prospects for future 
supply: US. Geological Survey Professional Paper 1802, p. F1- F40, http://dx.doi.org/10.3133/pp1802F. 

# US. Geological Survey, Mineral Commodity Summaries, January 2022. https://shorturl.at/rBJUX 

# US. Geological Survey, Mineral Commodity Summaries, January 2023. https-//shorturl.at/foHV3 
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40 allall ali5Yl ca 


SulboQi clals (je Lesliil allé Go dus lg 353 Si Rois éléio cnoll élloï > 
elell Çà onall list (Lili) 9%:9<11 (je 8a9ïuoll L55a 855<all Slgollo 515$ sallo 
Lei Qi! el )Ml puiio )5<oll ge U aaïioll Joall sms Le Lolle ol x sell 2022 
Gaël 8aleY à LLal él laut cle Qrà pañtus dus allall Çà boSU éllgiue j1$i 
Final AHgiuYl (se étais 80 lon 


# US. Geological Survey, Mineral Commodity Summaries, January 2022. 
https://shorturl.at/rBJUX 
4 DR Congo: Cobalt production 2010-2022 | Statista. (2023, March 1). Statista. 
https://www.statista.com/statistics/339834/mine-production-of-cobalt-in-dr- 
congo/#:-:text-In%202022%2C%20mine%20oproduction#Æ2oofcobalt#2omine%2oproduction#2oin%202022. 

di junall # 
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Cls 9 3X93 jlila 16.7 ac gase La dal] anal) 929$ du 39402 labo WUIE «2021 ele gi > 
1.13) Sasioll dus yell cl Lo I Lei (JY9s jlile 11.3) gli cl aa 19 àga gl œuall 
#(,Ygs Gaule 822) ämgiall L19$9 (5Y9s lil 


Fluorine jglà 
ea Ge .Guaollgll jolie Çà jo Yo Lola JisS giloiQll paiall ga (F) ,9lall > 
Hailss ass po lg Nl iñs (Le ABSLAIl ài ja Arilion QI nil 


pit Gal el joläg agi nos of Ganopagll assolé elil Qi Gaolall lé je Jai > 
@nsXl ga jluupolàll Agiaall jièg Agcaall Anilioi QI LS joli (50 ayasll âlauus 33106 
qrô Jésus — œulo lai (le al yStul ai (oäll yolàll Gare 929 - (CaF2) su ,olall (sl 
pb äaileog Galoll Julio els ji jès Géo posilgull ji 5 à GtiS 9 (ile Gajiul ali 
Joué o Galsollg &el, Hi Solo us j5 8 Jang «ulio sis Il cts (,69 jLello daâili 

HA LA Ù An ôLI Slgollg AiYanall Ml pssinolls oliudl 59529 aûll 


agi ALI àcis qu! gliai (Al jogail)gull a4 3918 usb giol Éaf paisll lin past à 

AUS (55 Los 4 9lôll dilioiGll Slgoll Ge anal Çé jolûll Jéas cpogilioull Si ail 

&lis (89 US Jjlge àcliso Goläill Jie 6,15all alle Audi Slgollo lise 
Lol &ogläoll suslollg à 1 


Oyll Ge “iliimuoill daiie Lis allell (à luu)gläll aie jisi Sasioll HLYgll Ets 
tas JA Ç,ë AS pn0 NI jun )olàll Gasi Gti culay ccsluisquull vaiie (à .alall 
38 ja ES ôGgi 9 das aa lg LS pal œiie (sou (Bi ol 1982 jole Jolas mis NI aauiliol 
>olûll aalie Ge asasll casio eliiôl {5 42013 jolall &slas Jan .1996 jole 4,6 caaïll se 


# The Observatory of Economic Complexity: https://oec.world/en/profile/country/cod 

#3 Christe, K, & Schneider, S. (2023, July 28). Fluorine | Uses, Properties, & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/fluorine 

# Hayes, TS, Miller, M.M, Orris, GJ, and Piatak, N.M, 2017, Fluorine, chap. G ofSchulz, KJ., DeYoung, JH, Jr, Seal, RR, Il, 
and Bradley, DC. eds. Critical mineral resources of the United States—Economic and environmental geology and prospects 
for future supply: U.S. Geological Survey Professional Paper 1802, p. G1- G8o, http://dx.doi.org/ 10.3133/pp1802G. 

# Fluorine - Element information, properties and uses | Periodic Table. (n.d.). 


https://www.rsc.org/periodic-table/element/9/fluorine 
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ui anal % 
4 Statista. (2023a, February 27). Global fluorspar production 2022, by country. 
https://www.statista.com/statistics/1051717/global-fluorspar-production-by-country/ 
# FluorSpar, China | OEC. (n.d.). OEC - the Observatory of Economic Complexity. 
https://oec.world/en/profile/bilateral-product/fluorspar-97-calcium-fluoride/reporter/chn 
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à poalléll aitu Ga (ilotll joyllo 31 (555 @âs @eli Laë Qiase paie pgalläll > 
ay) le Lolçgsta5 ha ia nlie (,Le (591a5 (üllcilatiol a äegita dogons 
4 (GaN) poslLell as ji 9(GaAs) pg-lsull 


eghai (à posñlung jju cou (1 6 pélin ei gl Jagsi (,Le salé (GAAS) jagallall sâus,; > 
jgall Ge ah 8 jgaio [LED] +921 äie Lui &uñlitll cilalosallo signal änig iQ 8 ga I 
lagollo aug &SLull MYLATY D Laûll émail Loge pie il Atmosll L'HAI 
AAA El jgtu il sil, lagall obuti elle (8 Laui GAAS past äulallo &iclnall 
SSII ilogllo slaS alle yigmoQll 8 jgalo eLéall ciläsilats 


HA (33 dus GS pl tels (à Soil oañill li pogulléll Aa sla3i Gi aägiollés }» 

9! GoSluull älaulgs Aegiall 215 joli ai Of GSos poallèll (Le &oiläll GAL Il Gi 

uria lg (GAN) sagullall (se Acgiaaoll (SSL LU Atolls 25 Airis (gi Soi gai gâas (Al 
12030 ele 


Lilollo Gnall silsg Lyie EL 273 gai (lodl pogullill a (Lallall LMI 345 «2012 le Là } 
Luug)g äugiall L39S9 Gbllle ysall &9 gens pli âniioll Glalull 51,99 liuâlitsg 
Lyie EL 81 lloss 2012 çole ali ya59 )5<oll jogallell eliil Lui caïs JS pogallall 

2 gaïll Sale) JA (50 8asioll HLiYollo Sasioll AKLoollo Ghlulo conall Lgïs til 


# The Editors of Encyclopedia Britannica. (2023a, August 2). Gallium | Uses, Properties, & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/gallium 

® Foley, NK, Jaskula, BW. Kimball, BE, and Schulte, REF, 2017, Gallium, chap. H ofSchulz, KJ., DeYoung, JH, Jr. Seal, RR, 
II, and Bradley, D.C, eds. Critical mineral resources of the United States—-Economic and environ-mental geology and 
prospects for future supply: US. Geological Survey Professional Paper 1802, p. H1- H35, 

http://dx.doi.org/10.3133/pp1802H. 

# Powers-Riggs, M. P. FE. B. H. A. (n.d.-b). Mineral Monopoly: China's Control over Gallium Is a National Security Threat. 
https://features.csis.org/hiddenreach/china-critical-mineral-gallium/ 

# US. Geological Survey, Mineral Commodity Summaries, January 2023. 


https://shorturl.at/zJPQ3 


2023 ii - 59 22ell — al2siuYlg all àjalill galeall Egg : pal pi ul älubiu 18 


auall âte Qusy Sjiall ghil 20129 2007 algcÜl Ou ugÜl agulléll alüil Gi ya :5 a) ilull ay 


&S pol aaglquall 
400 


2007 2008 2009 2010 2011 2012 


Aiigl Ailos| uns jog4lLell Çadtall el5yl Ge 798 Le Gonall migstul «2022 ele ô > 
Fais ol Çasloaall @oll 


jasaï le agaë Gaé Qi 8 AN lat dés oloiSi GS 8 polaal Glaiilo Bols JB Gé à 
G35 Gil 3aNl 2023 culs / if alla (5 lens L5 ju 3 j5l anolg (si oalseg aoullall 
5 agäll lgiaÿ ljagi Glañblo au 


Gi O gégioll Ge agullell Oliruntyl OliSlgiuoll Glilgall Lo Sasioll HLYolls GLLl X 
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di janall # 

# Reuters. (2023, August 1). China gallium, germanium export curbs kick in; wait for permits starts. 
https://www.reuters.com/markets/commodities/chinas-controls-take-effect-wait-gallium-germanium-export-permits- 
begins-2023-08-01/ 

Eu JE "Lo pol lit 9 lnopani quall cu All sgûiloydlo so1ls)l Ui220 dnë .….5ss Auoiu e$ièluits 
https://shorturl.at/fvMR2 
$ Foley, NK, Jaskula, B.W., Kimball, BE, and Schulte, R.F. 2017, Gallium, chap. H ofSchulz, KJ., DeYoung, LH. Jr. Seal, RR, 
IT, and Bradley, DC, eds, Critical mineral resources of the United States—Economic and environ-mental geology and 
prospects for future supply: U.S. Geological Survey Professional Paper 1802, p. H1- H35, 
http://dx.doi.org/10.3133/pp1802H. 
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a Joy Lie EL 118 Gloss 2011 le Qà posileyall Ge allell lil Giles! 56 à 
eaûll Ga Ga pallaïoll ale gli Lis ag 2lijl &lÿ$ ja Ga alæisoll pguile all (Le (zlloa 
Ga digsholl EL ji nlSS je ça Mais à CO jagaile pal à us La 1945 aleoll lgoll 29 
Ga lailiäg ôaûgïo jan (jo anäll élijll cilèlén (50 Gonall ani Lonë Saatoll Yi 


Sanûll (5 lus) (789 dalol;ñogall #19 ày15g0s (5e à p9ïmell Li jIl l3S 3 


# The Editors of Encyclopaedia Britannica. (1998, July 20). Indium | Properties, Uses & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/indium 
SShanks, W.C.P, Ill, Kimball, BE, Tolcin, AC, and Guberman, DE, 2017, Germanium and indium, chap. I ofSchulz, K]J, 
DeVYoung, JH, Jr, Seal, RR, II, and Bradley, DC. eds, Critical mineral resources of the United States—Economic and 
environmental geology and prospects for future supply: US. Geological Survey Professional Paper 1802, p. l1- 126, 
http://dx.doi.org/10.3133/pp18021. 
#® The Editors of Encyclopaedia Britannica. (2023b, August 2). Germanium | Properties, Uses, & Facts. Encyclopedia 
Britannica. 
https://www.britannica.com/science/germanium 
Reuters. (2023a, July 7). What are Gallium and Germanium and which countries are producers? 
https://shorturl.at/dsETo 

«uw CJC "EL pol plu «39 lagpanï guall c1a55 cpl agiloydlo aouléll Ui220 dnë by ani aSibui"s 
https://shorturl.at/fvMR2 
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% US. Geological Survey, Mineral Commodity Summaries, January 2023 
https://shorturl.at/ceAJP 

S U.S. Geological Survey, Mineral Commodity Summaries, January 2022 
https://shorturl.at/bcAO8 
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US. Geological Survey, Mineral Commodity Summaries, January 2023. 

https://shorturl.at/1oCTW 

5 The Editors of Encyclopedia Britannica. (2023a, July 11). Graphite | Properties, Uses, Structure. Encyclopedia Britannica. 
https://www.britannica.com/science/graphite-carbon 

$ Robinson, G.R, Jr, Hammarstrom, J.M, and Olson, D.W., 2017, Graphite, chap. ] ofSchulz, KJ, DeYoung, JH, Jr. Seal, RR, 
II, and Bradley, DC, eds. Critical mineral resources of the United States —Economic and environmental geology and 


prospects for future supply: U.S. Geological Survey Professional Paper 1802, p. J1- J24, http://dx.doi.org/ 10.3133/pp1802]. 


2023 ul - 59 aol - alSïiuVlg alüVl ë)alill yaleall éLilgiqu pl yil ul älulu 23 


Ga äioll çà 67 Ga spi Lo jéoi ag audall uôl all Ge ëyus llial Gall éllei } 
A9 drole! edf asasi (Le 6 pañll Lgulasso pymatll (Le iouge Lelaas Le ollall Lil 
Ales aigle Jajloll Qi us sñll Jaâtuoll Çà Geigoll juaoll Guall Jai Of gésiell 
Ale 29 ais uuSoll (5e Lgilalaial Sastoll AN gl sg Lonë nôlyill Ge ëjus 
TelilaoYl culpa Le ali! païñso audall cuil all Ge las 8 paie ctlolaial 


(ob gL&ll) all Quusy 20109 2006 algei du sgiull nouhil Cuëlyéll ali] Hiugia :8 ay quilull auuyll 
&S pol naglquall small äiie äàg 


"1 4 99Ùl La Ul | CV uw) clituul Josll duës 
CV lus 


b. älal Ljo$ 


VA bill 
149 Gyual 


IE cigl 


ei ol oLS 68 Jajloull Leïsui cuslséll Ge Gle JUS 820 cuall ciaïil «2021 ple Là } 

“Fo JUS 27 Lung o cle JUS 30  Guojgoll 
Aoû cièls us çollall (égiue (le Euôliel Joÿl juaoll Guall ils «2020 le 5 > 
3 Y93 Ogala 102.1 jolaii Aonts Luul (8 pis (Jon ia jou Sal JY9s Ogila 308.6 Al sal) 


Louë Csôl RU lslpitaul JÈSNI alu uginll 39 Cnil dau çolall (à uôljall (50 (,S jai 
Sal à poil Gill calin 


bull jnaoll 
8 US. Geological Survey, Mineral Commodity Summaries, January 2022. 
https://shorturl.at/nBos9 
 Statista. (2023d, August 8). Import value of natural graphite worldwide in 2020, by country. 
https://wwuw.statista.com/statistics/1296358/global-natural-graphite-import-value-by-country/ 
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7 Dye, J.L. (2023, August 9). Lithium | Definition, Properties, Use, & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/lithium-chemical-element 

7 Bradley, D.C, Stillings, LL, Jaskula, B.W, Munk, LeeAnn, and McCauley, AD, 2017, Lithium, chap. K of Schulz, KJ, 
DeYoung, JH, Jr, Seal, RR, II, and Bradley, D.C, eds, Critical mineral resources of the United States—Economic and 
environmental geology and prospects for future supply: U.S. Geological Survey Professional Paper 1802, p. Ki- K21, 
http://dx.doi.org/10.3133/pp1802K. 

7 US. Geological Survey, Mineral Commodity Summaries, January 2023. 
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# EDDY Pump Corporation. (2022, May 10). 
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74 Statista. (2023c, May 11). Global leading lithium carbonate importing countries 2021. 
https://wwuw.statista.com/statistics/1248447/leading-importers-of-lithium-carbonate/ 

"Sazilüig duaoi Lo. agull go ai yajiol Jul éUiS| Quylé elif US 
https://shorturl.at/ryJUW 
7 Venditti, B. (2023, June 15). Visualizing the world's largest lithium producers. Visual Capitalist. 
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7 The Editors of Encyclopedia Britannica. (1998b, July 20). Manganese | Uses, Facts, & Compounds. 
https://www.britannica.com/science/manganese 

7 Cannon, WF, Kimball, BE, and Corathers, LA, 2017, Manganese, chap. L ofSchulz, KJ, DeYoung, JH, Jr. Seal, RR, II, and 
Bradley, DC, eds, Critical mineral resources of the United States—Economic and environmental geology and prospects for 
future supply: U.S. Geological Survey Professional Paper 1802, p. L1- L28, 

http://dx.doi.org/10.3133/ pp1802L. 
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# US. Geological Survey, Mineral Commodity Summaries, January 2023. 
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#Statista. (2023c, July 19). Global manganese mine production 2021, by country. 
https://www.statista.com/statistics/1244066/global-manganese-production-volume-by-country/ 
# Manganese Market Outlook 2022 - 2026. (nd). 
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2023 ui - 59 aol! - alaSuVlg alüyi &palil galeall éLilgigu el ji null lulu 28 


ÿb Ugulall 2022 Ale! alloll yulaz I ÿa älgall us jiéiall als all 22591 :11 aëy will auuyll 
&S poŸl naglgiall amall âie Quus 


#1 lall dis 
- € ‘ble ê 
V,T {bé él Dois 
._ 
#, Ul üul 
‘I ruul E7 olell 


Niobium and Tantalum agllüïllg aguguill 
vañlas Le! GY äsulall (5 la Lila 295 Auläil Gale Ge 83le paolliiillg pomouill > 
&Loll Glissoll Glia jiois Login juoill sims duss as âgslirio duilioiSg Ali jis 

USE âagläog (,3L 86 Juasïlle 
sgäll le Lol ils Qi (6 (ellell LMI Ge tell, 75 (eilos) pogmonill ons > 
silgll âlis Là Ja USligllo Jai Aviaill Allo Qulidl Lol (à Aosstoll 
eunii 8jgsi Ji € JU ALLäI Ailal 85g2Vlo yigmoSll AULH sol;5NI lS 309 lgasall 

Hal bp 
3Lllo daâillo Glalall leliss (à doaâtunoll Lei clins joil éléluuu Geli çà poolliiill Jus } 
855 jolaïoll il pal RIL doLA I &isls Ii iluaellg canulostlo Hiliio Yo 


53 The Editors of Encyclopedia Britannica. (2023b, July 14). Tantalum | rare Earth element, uses in electronics & alloys. 
Encyclopedia Britannica. 

https://www.britannica.com/science/tantalum 

US. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/sSDGW2 

S USS. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/dfC49 
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56 Schulz, KJ, Piatak, N.M, and Papp, JF, 2017, Niobium and Tantalum, chap. M ofSchulz, KJ, DeYoung, LH, Jr. Seal, RR, 

II, and Bradley, DC, eds. Critical mineral resources of the United States —Economic and environmental geology and 

prospects for future supply: U.S. Geological Survey Professional Paper 1802, p. M1- M34, http://dx.doi.org/ 10.3133/pp1802M. 
Sul janall 7 

US. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/sDGW2 

% Niobium: Commercial exchange, international purchases and sales, market and specialization | Data México. (n.d.). Data 

México. 

https://www.economia.gob.mx/datamexico/en/profile/product/niobium#:-:text-Global%2oMarket&text-In%202021%2C%2 

othe%2omain%20exporting,StatesÆ20(US%24220M). 

® Tantalum | OEC. (n.d.). OEC - the Observatory of Economic Complexity. 

https://oec.world/en/profile/hs/tantalum 
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% Platinum | OEC. (n.d.). OEC - the Observatory of Economic Complexity. https://oec.world/en/profile/hs/platinum 


% Platinum group | Chemical Properties, Uses & Occurrence. (1999, July 26). Encyclopedia Britannica. 


https://www.britannica.com/science/platinum-group/The-metals-and-their-alloys 
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3 Zientek, ML, Loferski, PJ, Parks, HL, Schulte, RF, and Seal, RR, IL, 2017, Platinum-group elements, chap. N ofSchulz, 
KJ, DeYoung, JH, Jr. Seal, RR, Il, and Bradley, D.C, eds. Critical mineral resources of the United States— Economic and 
environmental geology and prospects for future supply: US. Geological Survey Professional Paper 1802, p. N1- No, 
http://dx.doi.org/10.3133/pp1802N 

# US. Geological Survey, Mineral Commodity Summaries, 2014. https://shorturl.at/kPU79 

5 US. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/sSDGW2 
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% Platinum: mine production by country 2022 | Statista. (2023, February 26). Statista. 
https://www.statista.com/statistics/273645/global-mine-production-of- 

platinum/#:-:text-South%20oAfrica%2ois%Æ2othe%2olargest metric*2otons%2othat%2osame%2oyear. 

? Gschneidner, K. A, Jr., & Pecharsky, V. K. (1999, July 26). Rare-earth element | Uses, Properties, & Facts. Encyclopedia 
Britannica. 

https://www.britannica.com/science/rare-earth-element 

Van Gosen, B.S, Verplanck, P.L, Seal, RR, II, Long, KR. and Gambogi, Joseph, 2017, Rare-earth elements, chap. O ofSchulz, 
KJ, DeYoung, JH, Jr. Seal, RR, Il, and Bradley, D.C, eds. Critical mineral resources of the United States— Economic and 
environmental geology and prospects for future supply: U.S. Geological Survey Professional Paper 1802, p. O1- O31, 
http://dx.doi.org/10.3133/pp18020. 

% Matamis, J. (2023). Why China's export controls on Germanium and gallium may not be effective. Stimson Center. 


https://www.stimson.org/2023/why-chinas-export-controls-on-germanium-and-gallium-may-not-be-effective/ 
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US. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/sSDGW2 
US. Geological Survey, Mineral Commodity Summaries, January 2023. 
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"? Statista. (2023e, July 27). Global share of rare earth metal imports by select country 2021. 
https://www.statista.com/statistics/1229934/rare-earth-metal-imports-share-globally-by- 
country/#:-text-China%2oaccounted%2ofor%20othe%2oworld's,global#20imports%200f%2orare%2oearths. 

“3 The Editors of Encyclopedia Britannica. (1998c, July 20). Rhenium | Chemical element, alloying agent. Encyclopedia 
Britannica. 


https://www.britannica.com/science/rhenium 
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“4John, D.A, Seal, RR, Il, and Polyak, DE, 2017, Rhenium, chap. P ofSchulz, KJ, DeYoung, JH, Jr. Seal, RR, Il, and Bradley, 
D.C, eds. Critical mineral resources of the United States—Economic and environmental geology and prospects for future 
supply: US. Geological Survey Professional Paper 1802, p. P1- P49, 

http://dx.doi.org/10.3133/pp1802P 

“8 US. Geological Survey, Mineral Commodity Summaries, January 2022. 

https://shorturl.at/kABXV 

#% Rhenium Imports in World - Import data with price, buyer, supplier, HSN code. (2023b, May 8). 


https://www.volza.com/p/rhenium/import/ 
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“7 Brasted, R. C. (1998, July 20). Selenium | Uses in electronics, Health benefits & Environmental Impact. Encyclopedia 


Britannica. https://www.britannica.com/science/selenium 
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8 Stillings, LL, 2017, Selenium, chap. Q ofSchulz, KJ. DeYoung, LH. Jr. Seal, RR, Il, and Bradley, D.C, eds. Critical mineral 
resources of the United States —Economic and environmental geology and prospects for future supply: U.S. Geological Survey 
Professional Paper 1802, p. O1- O55, http://dx.doi.org/10.3133/pp18020 

àlull jamall * 
* US. Geological Survey, Mineral Commodity Summaries, January 2023. 
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* Selenium | OEC. (n.d.). OEC - the Observatory of Economic Complexity. 
https://oec.world/en/profile/hs/selenium?redirect-true 

* Brasted, R. C. (1998b, July 20). Tellurium | chemical element, uses in solar cells & alloys. Encyclopedia Britannica. 
https//www.britannica.com/science/tellurium 

3 Admin. (2022). Tellurium (Te) - Properties, Facts &amp; Tellurium Uses. BYJUS. 
https://byjus.com/chemistry/tellurium/ 
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4 Goldfarb, RJ, Berger, BR, George, MW, and Seal, RR, IL 2017, Tellurium, chap. R ofSchulz, KJ, DeYoung, JH, Jr, Seal, 
R, Il, and Bradley, D.C, eds. Critical mineral resources of the United States —Economic and environmental geology and 
prospects for future supply: US. Geological Survey Professional Paper 1802, p. R1- R27, 

http://dx.doi.org/ 10.3133/pp1802R 

#S US. Geological Survey, Mineral Commodity Summaries, January 2023. 


https://shorturl.at/zEOo5 
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% Boron, tellurium | OEC. (n.d.). OEC - the Observatory of Economic Complexity. 
https://oec.world/en/profile/hs/boron-tellurium 
7 The Editors of Encyclopedia Britannica. (2023a, July 7). TIN | Definition, Properties, Uses, & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/tin 
8 Kamilli, RJ, Kimball, BE., and Carlin, JF, Jr, 2017, Tin, chap. S ofSchulz, K]J. DeYoung, LH, Jr, Seal, RR, Il, and Bradley, 
D.C, eds. Critical mineral resources of the United States—Economic and environmental geology and prospects for future 
supply: US. Geological Survey Professional Paper 1802, p. S1- S53, 
http://dx.doi.org/10.3133/ pp1802S 

(&lul jnall 
* Schwartz, M. O, Rajah, S.S., Askury, À, Putthapiban, P, & Djaswadi, S. (1995). The Southeast Asian tin belt. Earth-Science 
Reviews, 38(2-4), 95-293. https://doi.org/10.1016/0012-8252(95)00004-t 
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US. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/fuwyW 
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** The Editors of Encyclopedia Britannica. (2023f, August 1). Titanium | Element, Meaning, Symbol, Density, Properties, 
Uses, & Facts. Encyclopedia Britannica. https://www.britannica.com/science/titanium 

#3 Woodruff, L.G. Bedinger, G.M, and Piatak, N.M, 2017, Titanium, chap. T ofSchulz, KJ., DeYoung, JH, Jr. Seal, RR, Il, and 
Bradley, DC, eds, Critical mineral resources of the United States—Economic and environmental geology and prospects for 
future supply: U.S. Geological Survey Professional Paper 1802, p. T1- T23, http://dx.doi.org/10.3133/pp1802T 

*4USS. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/oARTU 


2023 ui - 59 3201l - al2$iuYlg alüiVI éjalill jaleall Llgigus :e31 pl Àsul élu 43 


«(5 Y9s Ogila 581) ellall gô Roll (63 gi Si sasioll Yo ils 2021 ele gi > 
aSLoolli (5Y93 Gaslo 428) Guallo (JY9s Gaule 453) Lui é oi (5 Y9s Goule 476) Luilolio 
.5(N9s gala 329) Sasioll 


Vanadium ag:3lilall 
&a (VD) 5 äcgasall Ga (ai Lil vai eeli Gare Ge 8 lue (loss juaie (V) pgsaliläll > 
& ia .el ia M 4oglñag LS jiSiLoglesl Léo ssnsllg 3Y9ûll ge &s ja tai (5 pol Jgasll 


6 js Xl s989ll 509 Axiarall euulg sil (se aâlise elgil (se gsalilall 


Roalilàll éléluu prit hall &élne 840$ aiioll pgsaliläll Ge 480 (;llps pass > 

auuSi Jan bios alaieY Ansioll pgsalilàll Gslgé uns àggill meläoll (à 

eo OU (le ele GA doté cb y (89 els Hilo eéliol pull âènes (V) jagasliläli 
el all La gloiSil etulas à auulo Ga ç,Le Loaâiiue çogsaliläll axsai Los 


allé ali 9 wie Gl Gaule 63 gai 2012 jole (çà ollell pogualiläll a 19e y1ë 
all slaÿs Of gésioll Ge isssl mioiso Lung) Gnall Gi joel Eli (à posaliläll 
aosituoll pgsslilall à Ge 2355 Oblallo Gnall Je Uos OÙ JoMl pläoll Gè Ghätuell 
Sal jU us ao (3391 Glalul Ge @tiell 5Yoûll 8399 go cuulitil ilal âclis (à 
Fésaaioll &ëllall jslae (6 äloïsoll 


Jela3 Los Lung y 5 Lañs jôl igis Leïli ogsaliläll àgiioll Joall nai is ÿi105 «2022 dle à 
1 LUI @au sl à 


#5 Titanium | OEC. (n.d.). OEC - the Observatory of Economic Complexity. https://oec.world/en/profile/hs/titanium 

$ The Editors of Encyclopaedia Britannica. (2023c, July 13). Vanadium | Industrial, Medical & Automotive Applications. 
Encyclopedia Britannica. 

https://www.britannica.com/science/vanadium 

#7 Vanadium - Element information, properties and uses | Periodic Table. (n.d.). 
https://www.rsc.org/periodic-table/element/23/vanadium 

8 Kelley, KD. Scott, CT. Polyak, DE, and Kimball, BE, 2017, Vanadium, chap. U ofSchulz, KJ, DeYoung, JH., Jr, Seal, RR, 
II, and Bradley, DC, eds. Critical mineral resources of the United States —Economic and environmental geology and 
prospects for future supply: US. Geological Survey Professional Paper 1802, p. Ui- U36, 

http://dx.doi.org/ 10.3133/pp1802U 

* US. Geological Survey, Mineral Commodity Summaries, January 2023. https://shorturl.at/eMOV7 
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# Vanadium oxides and hydroxides | OEC. (n.d.). OEC - the Observatory of Economic Complexity. 
https://oec.world/en/profile/hs/vanadium-oxides-and-hydroxides 

# Gregersen, E. (1998, July 20). Hafnium | Definition, Atomic Mass, Properties, Uses, & Facts. Encyclopedia Britannica. 
https://www.britannica.com/science/hafnium 
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Zirconium and hafnium. (2022, October 28). Edison Group. 


https://www.edisongroup.com/insight/zirconium-and-hafnium/23292/ 
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#Jones, JV, IL Piatak, N.M, and Bedinger, G.M, 2017, Zirconium and hafnium, chap. V ofSchulz, KJ., DeYoung, JH, Jr. Seal, 
R, Il, and Bradley, D.C, eds. Critical mineral resources of the United States —Economic and environmental geology and 
prospects for future supply: US. Geological Survey Professional Paper 1802, p. V1- V26, 

http://dx.doi.org/ 10.3133/pp1802V 

S#USS. Geological Survey, Mineral Commodity Summaries, January 2023. 


https://shorturlat/ixBV5 
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5 Zirconium | OEC. (n.d.). OEC - the Observatory of Economic Complexity. https://oec.world/en/profile/hs/zirconium 
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Hafnium Imports in World - Import data with price, buyer, supplier, HSN code. (2023, January 8). 
https://www.volza.com/p/hafnium/import/ 
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äiVauall Gil yasimallg üLglaSilig 
ülcling <l3Ÿl lle uuulg=iig ngall aluüi 
ülaS) Euiya sgili aïia jagullell à | 
: LED Jig sJjlil <gill âäüall GiluigyiSiVi Gallium agulléll 6 
Aûllg dijl lag uusSguil L 
äuhiig &clinll Hlsoallg HYlaïVig 
. äsigyiSIVI äjas VI âcling ngall aluüi 
aïjilé aï goili ai SAN LE NP 
a de EE NE äsguil AU VIg al sgyil hilugg lblillg da > 7 
adllg éijl Hal ya | : Germanium 
äunouul AôlhiIl alglig 


el g5loll ay quSar V 35 .cpleall go 35e 59 2022 alal &So!ll 29lo1tl aol dise alô f I duallall UD Qui sibul # 
los allo clyaëÿ pégÿ asc Quuy bis 


https://pubs.er.usgs.gov/publication/mcs2o22 
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38(J93 3 Jgi) ali» VI és pi Glolss ul ÿaoall auul aäyll 
aiilô aïi sgili aïio agsaiyl | Jlalig Olblüulg âëlhill algli äcling Mngall aluüi | 
” Indium ag:iyl 8 
Qu) JSiu élijll Glals ya äghil Glal$siu VI ÿo 23ollg sggill 
dj Quaill 16 ji Qlnilg ÿaleallg ail Sigag GligyiSiVI âclin | Graphite Cuéljéll | 9 
. . | &g2Ÿlg ÿyaleallg ab jiig ELal uullg bal âclin | 
oi ju inf ani g2Vlg dalalg a"apllg Etang OU) Lithium agit | 10 
clgall äiloag 
JajUl dl int jé ugis ail pySig call âclin 11 
Manganese 
dilgallg nil &iulig uuliVl hghsg ulall äclin 
äasiall GLYgli dais «Juju äja> lg Jiguaal lil yaläŸl lS30g älganall Niobium aguguill 12 
EJ}i âLläll éibill 
, auulgslig üligyiSiVig jLélig haillg gl yail Gitclin 
Jâgio pë PR ee ee Tantalum agllüiïüll 13 
äjghiall dl palSll änlsil 4 ji Gluaolig 
ülluull aslgcg hill LSig GlgleuSg il Glelin âcgaso yalic 
sg) duugy dëuyl ugia ülalssiuVlg äall jply6Ÿlg SLülillg AL ji ALUŸIg Platinum- Qiull 14 
ülagaall âcling äuhil Group Elements 
äô Vi yolioll 
ülyluulig elhdllg hill äôlhllg GliigyiSIVI lclin 
Lg) hjlyil ali ua Rare-Earth à)>lil 15 
wclaail Jhallg 
Elements 
üläuhig äiläill GS GlSys al Gliuygil dl péub âclin 
Luugy «ëasiall GUYgll «nu dE F . . ia Fe Rhenium agaiyll 16 
Jgyiul ji âälhil augi 
äälhiig &ilyaSill Glahiallg Lol puullg ülilaall Glclin | 
l Luugy «juil Selenium i I 17 
ei acléall Jlaallg éLiuig égal PRES 
laiS ôaaiall SL Ygll ua SJ gJaSil ayillg alig äguaill äälhil ilclin Tellurium aguygliüll | 18 
Lui yüui dunigail uall eblig Jäill s1gag elill Sigag ülglallg uloll äclin Tin pyanäll 19 
. Mbul «ui ré JS mg Syignllg <lallg Ylyhil Glclin 
Lilal| ä32siall SUYgil «yuoll : d en es Titanium agziliill 20 
blhallg iwllig &ygll Gilcling 
. àalyhulg ab jlig ol puullg ulail ülcling sÿgill Jlaall salilall 
te Jul aBjllg éLal puullg 9 sggill J a94 | _ 
cs LglgiSill Uläuhig Vanadium 
: 2g9ägllg äJlyal âagläall ülaïiallg él pull Gilclin igS)jll 
Jléiuull dLäpôl gs ul gui gägllg JRE 9 iiallg él quul AGIR 35 
dilgall alpig Gügall AljiSog hill Aëlhlig sÿgill Zirconium 
Jéiull Lësyôl ugis dulyui | éolquulig JSuill Eliluu âcling sggill aSaill ylnë alüil | Hafnium aguidlall | 23 


Joël g5loll alëyil quSar U 35 ,pleall jo s5e 59 2022 alal à$po!ll 29lo1il auall dia alôf I dsallall cyUbUi> ul cu ail # 
lo allo clyaëÿ pégi asc Qu bis 


https://pubs.er.usgs.gov/publication/mcs2o22 
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Lilall (à wasañtoll Kyiliu gñgol änilillo àis ed Qasloanll eanoll Ag 1981 Olisilan) pui 
AilasYl Çà 8 palill Galsoll Ge 23/13 oail Jo! Collall &ioll Ça Guall Gi Qi (éstoll sisi) 
Dnleall ia ali (à allall (pie (Le al sil Lgie Jess Lo ail asile Yi Qi 26 /139 lo! 
Le poilisull oarol änuills Sasioll MY culeë LOS Anna jiul lus lgio asnell âne Cul 
Jess lang Alaill All Galee (à Gaigoll el" Alios Guall juiei .paall Ÿ Jloll asus 
SLI Lasi Go dunglll sbloll Ggsull 8981 dañé cul dun jé dsollell Losäll Jaudlas 
M 8 GS HAN Gagëll CAN as int Ge 8 HAN asuill Gilai Glé ARS P'amuluugaall 
Ju Gualig plait Ÿ gang sLâlall ge (Guuitll 3j (Il Lgigc ao 8 palill Galæaoll älluol aslge 
lait Yl Ge asc paMlitul auf lie JL (se Gas oalmoll ia äxsal (,Le Lila (Jos as poil 


ins Lel 89û 9 Jios 8 palill Galeoll (0 laic 13 J &siioll (Joull 4oilë Guall juoi - 
Laly! Logis Gi lois Ÿ Guy (Gall jai ge 59 JR au pgïll Janus cle Le lag 
“Mgaoll obus Gleis Lo (35 Lou Y dns oloiill ais ja 

we yà  Çào 8 jalill oalæoll ce Leïla lo Gaoli Jai ce spl Le Sasioll bNoll alaïel - 
a (2023 ulasuëi / Li 1 Ga les pguileyallo oulléll) Lgio sac passa (,Le gui cnall 
Let aâtall Joall à9 Less ji (Le 8 jalill Galæoll ce Lesli Sal; Ci éasioll SUN oIL géas 
LouY clel io LAS Sâse Ju Lo Laïgëi all Juan Of GSos Laits of ea 
.ouall Ge sil Le Laaloïel Julio Lgilalael cali Jai ce Liu sil à 

onlsoll Ge Albbisl jf aies Ci elig eliyl ans Le 8a5ljl Joall Gus äiläoll - 
JS Las lge jotiui Y Qi Asolill Joall Ge ill allie Gb einuSl QU aéas 8 ali 
où Ga anal! Of ls aaiatll Lie CII ES NI Lgie Ssasie buuY GSM (Le of 558 
(33) alse SL 35 JS Ga leile Jgsasil ais Galmoll 

Cali Qi 36555 Leleas Le 8 jalill Galeall Ga à lool 3695 Il jus JS Amo 9 SSL shia 
mil (GolosiuYl Lyis li Ce Guèiuo Gus, Ji dñssoÿl SSL Ge Lilas 
Lgso Qälskall 

ALU Goo 8 palill Galoll Ge asaall (à a 5lgall aim (Le dage cal yAñe LUI jui élloï 
(goal Elañll lie (8 pot Lys Ledllaï (pe ai Gi Sasioll 


3 Up 2023/15 sol Lallall sais él<aÿ allo" plais ul &Slgall égillo cbuljal (spi UI jSyall 
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galloll aUiyl gré Laïaalual éygiall auuill 2a ëpslill y5loall ali] à 85 Jgall :27 aë) quilull au yll 
140 2022 alal 


ll) de EN 53.18% 
(ouoll) sojuéloll ES --:; 
(bu) 000) EE :- 57% 
ul) sil EN 3 452% 
(ul) cool EN 50% 
li oi) wi EEE - 68% 
Gal) tés EEE 0; 
GE EEL 
Cul) ul EEE 63.67% 
(luliuS s2i99l) JL EN 63.42% 
Gao “Ulgl) 2 0 EN 520% 
ul) we EN 53.35% 
cl) ao EEE 5 80% 
Gall) ll RS 7% 
Gal) ol ER :155% 
ll) 9 EN 313% 
(luugsi) Ja ER 5.48% 
(Lil) so EN 16.02% 
Qu) EEE 5.00% 
(Läyôl uen) 29, ER ,: 00% 
(lis il) il ER ,:% 
(uwg)) a EEE ;190% 
(Lol vois) julaiall DNS 5% 
Gal) RE :,:% 
Gal) bo NN 31% 
(xl) sol DR :065% 


140 Statista. (2023a, February 20). Global critical minerals production share 2022, by majority producing country. 
https://www.statista.com/ 
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Cle 8 5 <läl] Gos Ge Galuugiallo Sidtgsgiall ones (ô 6 jalill Gateoll Ass Jai 3 - 
Ga lilas) Le slis Guollell (sa pgiuoll jÿy1ls &oilä Lisaci 169 84 j9iuoll Joall si 
Angiall L)9S) GuiguuNl Leilälsg Sasioll LI sloïcl jglsi 20239 2020 plgcSl 
sul le 8 )9lioll pgilelial &o MU 6 ali Galeoll Ge pgilalial ul (à (blue 
uagaill ang ÇLe Saaïoll bol lgie cjie (il 8,5Sioll côglaoll jiuûs Gall jai 
Lessoiil êge all tollall as soil July Aülaïollo 

Slsbis) Jesus Leilé 6 all Galeoll jolie Ga HI el (6 Lolle 6451, Gnoll GS aËs - 
8palill Aus )N1 poliall Amuills Juass LS sniuÏl Gil Ge Glozll çeliall Llgcllaë 
-Jaaûll pag1 j9ltllo jagsisluull 


63Jgimall Jall jyig äyslill y5loall alloll sgüuo ue Jgÿl aïiall :7 aäy Jg33 


dus ygiuall jy lallc J9Ÿl aïiall ÿaoall aul aûôyll 

liga äsiall GUYgil «july Jul Antimony ygasiiŸl 1 
äugiall LygS dailge äaiall Yi duill Barite (Barium) culul 2 
Lui jé duilali duugy äygäléim äa=iall GLYgll Beryllium ag ul 3 
äugiaill LygS «äasiall äujoll Gil ylayl uall goigSil Cobalt luigail 4 
äugisll LygS dailga «jllul Luuigail ganill Fluorine Jglà 5 
Jul äxsiall agi gunill Gallium agulléll 6 

Lilali äugiail LygS QUlui ä2siall Yi gunill Germanium agailayall | 7 
aigs giga äygäléiu ugisil Lygs Juil Indium /ag4il 8 
JU äugisil LygS gunill Graphite cual jéll 9 
äuginll LygS «all Lui jüui Lithium aguïiulil 10 

siall Aug) ll äugisil Uygs Lô,jôl ugis Manganese juiléiall 11 
äasiall GlVgil dailge «juni dujlyul Niobium aguguill 12 
Luusigail Jg3lèlull uall äasiall Li Ygil géigSil Tantalum agliïïll 13 
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duilali äasïall âSlaall ässiall HU Ygil dll âcgasa ynlic 
Lä,jôl ugis 14 
Juil JUL Platinum -Group Elements 


Litué «Lu Quai gui ëalil al palioll - 
oi i Rare-Earth Elements 


«äaaiall âSlaall diilali dailga qui Rhenium agui yil 16 
aioll ë2siall üLYgll 2igS pige «ul dll Selenium agziluull 17 
lais äygälèiu duilali Quall «2igS giga dll Tellurium ag1ygliïll 18 

Ljula aiuli quall dll Tin yyanäll 19 
Quoil di yà duilali «&2siall Hu Ygl 
ne + quil Titanium jaguiliuill 20 
ss alÈéian 
duaill äugiall LygS dailga du 
A gai Vanadium ag:3liläll 21 
äasiall GLYgll 
dais yall ygiaill LygS äxsiall Li Ygll , 
DE 1 + Lui püul Zirconium aguigS)jll 22 
Lilali 
lailga dilali «siall Lui jô Haïfnium aguiälall 23 
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2011 jgaï 
zou Joli 
zou UD cp ri 
zou LU cui 
2o11 Joil yails 
2o11 Joil yails 
2012 LUI chi 
2012 Joill yailS 
2012 Joill yailS 
2013 JU yoils 
2013 Ji 
2013 (Jui 
2013 Li 
2013 Li 
2013 Joli 
2013 JoUl cu ri 
2014 Jo il cu ri 
2014 ji 
2014 Job 
2015 Joli 


2016 bluë 


2016 Jai cp pü 
2016 LI cu i 
2017 lui 
2017 Joil cui 
2017 Joil cui 
2017 Joil yailS 
2017 Joil yails 
2018 jgaÿ 


2018 jgoÿ 


Hull Lo deuil 
Luis (5 ygaluall 
du poil Joll C5 dièbul els 41 
Lui 
Quigi p dll coUati ul 
SyUl (sJ98a8l (aell jai 
Quigi 5 dollulll agul à$y> 
US C5 doll Ulj>il 
ajil 
éjgil ae Lu 5 duuluull çoäll aol 
ol doilull clé 
&ygaull flo pi 
Lg 5 dJliäll cslegazall 
aUl Gj> yo &ygaull dB yleall Laëlgo 
Josibuul - auuëi lu cljelhi 
&pnall sjoi àSy> 
JU re dulagll je 
pal di y98e> 
US Co cl l 
has 
eubll jlellg bail aubl bals 
Ba ô] Jloibg laut Lyé (5 
ofgé all zï6 äclaz 


aSnoll >) énvluull Jos cuolyi aJUgs stiall Sail ll ulles 
cyluall jula Logäll ol Qqulo :culi Jos ëjll 


&ball qulaoll & jai dylaall dé) 
clos J>9 aibuuläll al 
Jaile (p Buell als ébulo 

ouSl (5 él 


all Dj> Le dSnoil clgäall Joli ze 


Joil Wgole 45 dll dojill 


saislull slac SI 
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2018 Jo il cp péi 
2018 LI y ini 


2018 Joll yailS 
2019 lui 
2019 Jlil 
2019 ji 
2019 jgoÿ 
2019 Jol cu räi 
2019 Joll cyoilS 
2020 ill Jails 
40 jgoÿ 
2020 Joli 
2020 Joli 
2020 Joill curé 
2020 Joill curé 
2020 Joill curé 
2020 LI cu réi 
2020 LI cu ii 
2021 bluÿ 
2021 Jluui 
2021 Ji 
2021 jgaï 
2021 Job 
2022 blu 
2022 Jlsl 
2022 Jylpj> 
2022 Joil ails 
2023 Ul Joils 


2023 lui 


Liga (5 elayyl 593 delas 
&ygaull äbylaall 40 Jilass Lilnull LS y glaall Joleïll gilés jyi 
2018 - 2011 
gay oi 5 duuluull cyligSall 
2018 pla) dénil juysig Si cLlaül fl 5 ëclyô 
& il Slot dll 
ble choalg Joloall jpf Loyoi 6 céghaiall croull sg 
dolls Jlosl ag! 5 lol Jsaïl 
lol, all j4 &yslaall cAlodi 
dll Sbgäoll lol 15 golydle lasilo cell àSpuoil éiljl ëyljo 
OU $ &jao cilabiol (Sr Jugaïll agi ass 
dé polll éssiall Lgll pôle ge calnhéa 
Jgaïlls «lgläalls 4 igiläll ali réagi 
dalle yleÿ Joull sus C6 88all Joloal 
ol Gill gaiaall 40 cilabial (y9Joill sa ul cAigaï a>g vas 
dell ul Sliéo .duiay)l sy 
älaïisall LUI LsglaiSilg Soul Jos dele àbi duoll dia5 ll dlakll 
doi clysëlg à joilall Je Still Spot à daluall cluiyloll 
Busgil &nüll Je> düilig ul 93 axial (Smoill ul ca5lgo 
ob 9 Soil pl jbl clac jy dosiill ul 
98) goïill qulzog dSnoil dll 6 buuglll Grill &uyé 
Jarre) ti allée tell 0 
Jluallg og pllg Jelgall yuaëll couv dieg 1948 "JS gaiuulé" 
a5lgallo éluullg ball Quigï 5 éojlll 
(ls 530) &Snol bas äclazy large Gil 4441 cles 
oledl Jlailg il clio ls wslogleoll Lys 
2022-1798 2JBl Lo & ySuoll 8gäll dS roll small cLNg)l Jlasiuul 
og ossi J$6 glic diigul éjauûll ELSaï 
2022 - 2005 (4 all allall biwolll nil doll latin ll Aa 


8590 épuu - giu ve où ll pl 
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